Video Game Device, Character Action Sotting Method 
in Video Game, and Computer- Readable Recording medium 
Storing Character Action Setting Program 

The present invention relates to a video game device using 
an optical disk* a magnetic disk, a semiconductor memory or a 
cassette- type recording medium storing program data, a character 
action setting method in a video game and a computer-readable 
recording medium storing a character action setting program. 

BACKGROUND OF *H* INVENTION AND RSLATED ART STATEMENT 

A huge number of video game systems have been proposed. 
These systems include, for example, systems comprised of a 
special device for home use and a television monitor and systems 
comprised of a special device for business use, a personal 
computer or a workstation, a display and a sound output device. 
Any one of these systems includes a controller used by a game 
player for operation, a recording medium storing game program 
data, a CPU for executing controls to generate images and sounds 
based on the game program data, a processor for generating 
images, a processor for generating sounds, a CRT or like monitor 
for displaying images, and a loudspeaker for outputting sound?. 
CD-ROMs, semiconductor memories, cassette-type recording mediums 
having a built-in semiconductor memory are frequently used as 
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the above recording medium. 

It may be considered to execute a running competition such 
as a 100M dash in a game space as one kind of the game executed 
by such a game system. Specifically, in this running 
competition game, a plurality o£ play characters may be caused 
to appear on a track displayed * on a monitor, the play 
character (s) whose running action is controlled by game 
player (a) and the other play characters whose running action is 
automatically controlled may be caused to compete with each 
other* ranking may be determined 1 based on an order in, which they 
reach a goal* In such a case, a multitude of frames of image 
data may be prepared between a starting pint to a goal point, 
and the play characters may be caused to make a series of 
running actions by successively displaying images based on the 
image data on the monitor * 

in the case that a series of running actions are made as 
above, even an action different from usual running action such 
as raising of both hands at a position immediately before the 
goal can be so displayed as to smoothly follow the preceding 
action witnout any discontinuity, thereby giving no feeling of 
congruity to the game player. ! However, a large memory capacity 
is required to prepare a multitude of image data for 
successively displaying images froni the starting point to the 
goal point, and a long time is required for the development of a 
program # leading to an increases in production costs. 
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SUMMARY OF THE INVENTION! 

in view of the above situation^ an object of the present 
invention is to provide a video game . device which can 
effectively suppress an increase „ in production costs and execute 
a video game without causing a game player to have a feeling of 
incongruity upon viewing displayed .images, a character action 
setting method in the video game and a computer-readable 
recording medium storing a character action setting program. 

Xn order to fulfill the above object, according to the 
present invention, d video game device for displaying a play 
character on a game screen displayed' on a monitor and moving the 
play character from a reference position to a predetermined 
position in a game space by operating an operation unit, 
comprising * 

a storage unit for storing a first image data group 
including a plurality of frames of image data for displaying a 
first action relating to the tnoving action of the play character 
and a second image data group including a plurality of frames of 
image data for displaying a second action, 

a display control unit for reading the first and second 
image data group from the storage unit and displaying the action 
of the play character based on the read image data, and 

a switch control unit for 1 switching the first image data 
group to the second image data group such that the first action 
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and the second action are smoothly successively displayed 
without any discontinuity when tihe play character reaches the 
predetermined position by repeatedly displaying the first 
action. 

These and other objects, features and advantages of the 
present invention will become more apparent upon a reading of 
the following detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a oonstrugtlon diagram showing a video game 
system to which a character action setting method according to 

one embodiment o£ the present invention ie applied, 

PIG, 2 is a diagram showing one game screen displayed in 
the video game system shown in FIG- 1» 

FIGS* 3 to 39 are diagrams skewing a motion of a play 
character displayed on a game screen in the video game system 
shown in PIG, 1* respiectively, 

FIG. 40 is a block diagram showing functions of a CPU and 
various buttons in the video game system shown in FIG- 1, 

FIG* 41 is a flow chart showing the operation of the video 
game system shown in FIG- l r 

FIGS. 42 to 44 are diagrams showing game screens displayed 
in the video game system shown in FIG- 1, and 

Figs. 45A to 45C are explanatory diagrams illustrating a 
change of frames along a time line* 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 
INVENTION 

FIG* 1 is a diagram showing the schematic construction of a 
video game system (video game device) 10 to which a character 
action setting method according to one embodiment o£ the present 
invention is applied. in FIG. 1, the video game system 10 ±s 
provided with a memory unit 12, an image display unit 14, a 
sound output unit 16, an operation input unit 18 and a control 
unit 20, The units 12, 14, 16 and 16 are connected with each 
other via a bus 22 including address buses, data buses ana 
control buses connected with a CPU 201 of the control unit 20 to 
be described later. 

in the memory unit 12 are stored game data comprised of 
image data, sound data and program data. The memory unit 12 
includes a recording medium (also referred to as a recording 
medium) 122 connected with the bus 22 via an interface circuit 
121 and a RAM 123 for temporarily storing the game data read 
from the recording medium 122. The recording medium 122 is, for 
example, a so-called ROM cassette in which a ROM or liXe 
recording medium storing game data and program data of an 
operating system is accommodated in a plastic casing, an optical 
disk, or a flexible disk. 

The image display unit 14 is adapted to display various 



P752US 

game images in accordance with the progress of the game and 

j 

includes a digital-to-analog {D/A} converter 1421 connected with 
the bus 22 via an interface circuit 141 and a television monitor 
(video monitor) 143 including a CRT, a liquid crystal display or 
the like connected with the D/A converter 142. 

The sound output device 16 is adapted to output a game 

r 

music, sound effects, etc* in accordance with the progress of 
the game and is provided with a D/A converter 162 connected witti 

'r 

the bus 22 via an interface circuit 161. an amplifying circuit 
163 connected with the D/A .converter* 162 , and a loudspeaker 164 
£ot outputting. sounds in accordance f with^ an output /Signal from 
the amplifying circuit 163. 

The operation input unit 18 . is adapted to output operation 
signals to the control unit 20 and is provided with an 
operational information interface circuit 182 connected with a 
bus 22 via an interface circuit 181, and a controller 183 
connected with the operational information interface circuit 
182. The controller 183 includes a start button 183a, an A- 
button 183b , a B-button 183c, a cross-shaped key 183d, a stick- 
shaped controller 183e, a Cl-button 183h, a C2-button 1831 , a 
C3-button 1833 and a C4 -button 183k provided on the front 

surface of a casing CA, a left trigger button 18 3£ and a right 
trigger button 183g provided on the upper surface of the casing 
CA f and a Z -button 183m provided on the rear surface of the 
casing CA, 
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The stick-shaped controller ,183e has substantially the same 
construction as a joystick. Specifically, the controller I83e 
has a standing stick (operation bar) , which can be inclined to 
front, back, left, right or in any direction m a 360* range 
about a specified point of the stick as a supporting point. 
According to the direction and : angle of inclination of the 
stick, an X-coordinate along transverse direction and a Y- 
direction along f orward/backwaxd direction in coordinate systems 
\ V having the standing position of the stick as an origin are sent 
to the control unit 20 via the interface circuits 1B2 and 182* 

The control unit 20 is adapted* to control the progress of 
the game, and is comprised of the CPU 201 connected with the bus 
22, a signal processor 202 and an image processor 203* The 
signal processor 202 mainly perfoi?m* calculation &£ image data 
in a three- dimensional (3D) space, calculation for transforming 
a position in the 3D space to a position in a simulated 3D 
space/ a light source calculation, and generation and processing 
of sound data. The image processor 203 writes an image data to 
be displayed in the RAM 123 based on the calculation results in 
the signal processor 202* For example, the image processor 202 
writes a texture data m an area of the ram 123 specified by a 
polygon. 

The video game system 10 thus constructed takes different 
modes according to its application. Specifically, in the case 
that ttie video game system 10 Is constructed for business use, 
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all the elements shown in FIG, 1 are, for example, contained in 

one casing. In the case that the video game system 10 is 

i' 

constructed for home use, the television monitor 143, the 
amplifying circuit 163 and the loudspeaker 164 are separata from 
a main game unit . * 

Here, the main game unit is, £or example , comprised of the 
interface circuit I2i connected with the CPU 201, the RAM 123, 
the interface circuit 141, the d/a Converter 142, the interface 
circuit 161, the D/A converter 162 « the interface circuit 181, 
the operational information interface circuit 182, the 
controller 183 , the signal processor* 202 and the image processor 
203. This main game unit is constructed by accommodating the 
respective elements in a casing made of a synthetic resin, and 
the recording medium 122 is detachably mounted in a mounting 
portion formed in this casing. (The controller 183 is connected 
with a connector provided in the casing via a communication 
cable or the like. 

In the case that the videos game system 10 is constructed 
with a personal computer or a workstation as a core, for 
example, the television monitor 143 corresponds a computer 
display, the image processor 203 corresponds to part of the game 
program data stored in the recording medium 122 or hardware on 
an extension board mounted on an extension slot of the computer, 
and the interface circuits 121, 141, 161, 181, the D/A 
converters 142, 162, and ttxe operational information interface 
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circuit 182 correspond to hardware on the extension board 
mounted on the extension slot of the computer* 

A case Where the video game ' system 10 is constructed for 
home use is described below. 

Next, the operation of the Video game system 10 is 
summarily described- First, when an unilluat rated power switch 
is turned on to activate the video game system 10, the CPU 201 
reads image data, sound data and #ame program data from the 
recording medium 122 in accordance with the operating system 
stored in the recording medium 122, and all or part of the read 
image data, sound data and game program data are stored in the 
RAM 123* Thereafter, a specified game is proceeded by the CPU 
201 in accordance with the game program data stored in the RAM 
123 and contents of instructions given by a game player via the 
controller 183* 

Specifically, commands as tasks for forming images and 
outputting sounds are generated in , accordance with contents of 
instructions given by a game player via the controller 183. The 
signal processor 202 performs calculation of display positions 
of characters in the 3d space (of course the same applies for a 
two-dimensional space) , a light source calculation, generation 
and processing, of sound data, etc. in accordance with these 
coram ands * 

Data of images to be formed are written in the RAM 123 by 
the image processor 203 based on the calculation results* The 
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image data written in the RAM 123 are fed to the D/A converter 
142 via the interface circuit 1£1, and fed to the television 
monitor 143 after being converted into analog video signals in 
the D/A converter 142 , thereby being displayed as game images on 

a display surface of the television monitor 143. 

■ ,i 

On the other hand, the sound data outputted from the signal 

i . t 

processor 202 are fed to the D/A converter 162 via the interface 
circuit 161 and output ted a? sounds from the loudspeaker 164 via 

the amplifying Circuit 163 after feeing converted into analog 

i 

sound signals in the D/A converter 162. 

Next , contents of the game executed in the video game 
system 10 are sutnmarily described* M in this video game system 
10, one game can be selected from a plurality of competition 
games by operating the start button 183a. Here, a 100M dash 
game which is a field and track game in which six play 
characters as runners compete 100M dash on a track for 
competition * 

In this embodiment r this 100M dash game is played by one to 
four game players; the running speeds of the number of the play 
characters corresponding to that K of the game players are 
controlled by operation of the game players; the motions of the 
remaining play characters are 1 controlled, based on data set in 
advance and ranking is determined based on the order of reaching 
the finishing line. 

The play character who comes in first raises his hands as a 
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victory pose immediately before reaching the goal* In this 
cocas ion , the motion of the arms during running is smoothly 
successively transitioned to that of the victory position 
without causing the game play £o have any feeling o£ 
incongruity- . j; 

Next, a display example of a game screen when the 100M dash 
game is executed is described with preference to FIG, 2- The 
game screen shown in FIG. 2 is, one screen at an intermediate 
stage of the actual 100M dash game, * Specifically, in this game 
screen, six play characters MA running on the respective courses 
of a tracfc TR are displayed in > the middle* and runner columns ks 
for introducing the play characters MA operated by the game 
players are displayed at the bptt0m end of the game screen. 

The runner columns KS are set in correspondence with four 
game players, and as many runnel columns KS as the game 
participants are displayed. Here- is shown a case where the game 
is played by one game player. , W 1P" representing the first play 
character ma and "national flag of the USA* representing the 
nation to which the play cnaracter ma belongs axe displayed at 
the upper part of the runner column KS at the left end, and 
"Blade" as the name of the player character MA is displayed at 
the lower part. 

23ie play character MA is generated as one animated model 
including all motions including those of a head, a trunk, legs 
and arms; its motions (poses) are displayed by giving an 



11 



P75?US 



animation display timing; and movements of its position are 
displayed by giving a transport data. Her©, the animated model 
is a model generated by polygons and displayed in the game 
space, and includes motion data (animation data) along a time 
axis* Specifically, by giving an arbitrary time (animation 
display timing) to the animated model, a motion in conformity 
with the animation display timing is displayed, and a series of 
animation is configured by successively increasing motions. The 
transport data is a relative 'position information of XYZ- 
coordinates given to the animated model * The animated model can 
be displayed in any arbitrary position of the game space by 
giving this transport data to the animated model. 

A power display column (power meter) PD for displaying 
"running power" is so displayed as to, extend obliquely upward to 
the right from the right end <>£ the runner column KS. The 
"running power" is increased when the game player alternately and 
continuously turns on two operable members of the controller 183 
such as the Cl-button I83h and the C2-button 183i (continuous 
hitting). The higher the displayed level of the running power, 
the faster the play character MA can run. 

The level of the running power is displayed by coloring the 
power display column PD in chromatic colors, and the colored 
area is increased as the level increases- The power display 
column PR is first colored in a cold color (e.g. blue)* and the 
color tone changes -coward a warm color (e*g» red) as the running 
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power increases, in the already colored area as well, the color 
tone gradually changes toward a warm color. In FIG. 2, the 
level of the running power is displayed in dots, 

PIG. 3 is a diagram showing an image of the play character 
MA posing a start on the game screen, in which both hands and 
the right Knee are on the ground. FIGS* 4 to 20 are diagrams 
Showing images of the running action of the play character MA on 
the game screen after a series of motions made to stand up from 
the starting pose. in other words, a looped running animation 
is shown in FIGS- 4 through 2Q. The looped animation is an 
animation which returns to the starting motion by resetting the 
animation display timing to 0 upon reaching the end- A smooth 
and continuous animation can be obtained by repeatedly 
reproducing the looped animation, 

FIG, 4 shows a state where the right leg is brought forward 
by kicking the ground by the left leg, the left arm is pushed 
upward to the front while being bent substantially at 90% ana 
the right arm is pulled back. FIG. 5 shows a state following 
the state of FIG, 4, where the right leg brought forward touches 
the ground, and the left arm is pushed further upward to the 
front * 

FIG. 6 shows a state following the state of FIG* 5, where 
the right leg brought forward touches the ground while 
substantially stretched out, and the left arm is pushed even 
further upward to the front. FIG. 7 shows a state following the 
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state of FIG* 6; FIG. 8 shows a state following the state of 
FIG- 7; FIQ. 9 shows a state following the state of FIG- 8s FIG. 
10 shows a state following the state of FIG, 9; FIG. 11 shows a 
state following the state, of FIG. 1Q* and FIG- 12 shows a state 
followifc$ the state of FIG. 11. 

FIG. 13 shows a state f ollotfihgi the state of FIG. 12. In 
FIG. 13, the left leg is brought forward 1 while' being bent by 
klcfeing the ground by the right leg, the left arm is pulled down 
to the back, and the right arm' is pushed up forward While being 
bent substantially at 90*. FIG. ,14 snows a state following the 
state of FIG, 13, where the left leg brought forward touches tfte 
ground, and the right arm is piisbed further upward to the front. 
FIG* 15 shows a state following £he state j of fig,. 14, where tue 
left leg brought forward touches the ground while substantially 
stretched out, and the right ana is pushed even further upward 
to the front. FIG. 16 shows a state following the state of FIG. 
15, and FIG. 17 shows a state following the state of fig. 16. 

FIG* 18 shows a state following the state of FIG* 17, and 
FIG, 19 shows a state following the state of FIG. 18* FIG* 20 
shows a state following the state of FIG* 19, where the left leg 
kicks the ground, the rigbt leg brought forward is almost 
touching the ground, and the left arm is pushed forward while 
being bent substantially at 90°. A series of running motions 
can be displayed by returning to the state of FIG* 4 from the 
state of FIG. 20. In other words, a running action 
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corresponding to an arbitrary distance can be displayed by 
repeatedly displaying a group of images (looped running 
animation) as one unit comprised of 17 frames of images. In 
this embodiment, a running distance (moved amount) of the play 
character MA. reached when 17 frames of images are displayed once 
is set at a constant value regardless of the running speed. 

PIGS. 21 through 39 are diagrams showing a goal finishing 
action which follows the running action shown in PIGS. 4 through 
20* For example, a series of motions for the goal finishing 
action are constituted by 19 frames of images. in other words, 
a goal finishing animation is constituted by images of FIGS. 21 

through 39- FXG, 21 shows a state following the state of FIG. 
4, where the right leg is almost touching the ground, and the 
raised left arm starts moving downward, FIG. 22 shows a state 
where the right leg touches the ground, the loft a*m is toeing 
moved downward, and the right arm is pulled back* 

FIG, 23 shows a state following the state of FIG* 22; FIG, 
24 shows a state following the state of FIG. 23; and FIG. 25 
shows a state following the state of FIG- 24, where the right 
leg kicks the ground, the left arm is pushed slightly forward, 
and the right arm is pulled back. FIG. 26 shows a state 
following the state of FIG* 25, and PIG* 27 shows a state 
following the state of FIG. 26, where the left leg touches the 
ground, and both arms are pulled back to be raised. FIG* 28 
shows a state following the state o£ FIG. 27, where the pulled- 
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back arms start being raised. 

FIG* 2$ shows a status following the state of FIG, 28 , and 
FIG- 30 shows a state following the state of FIG* 29, where the 
both arms are gradually raised. FIG. 31 shows a state following 
the state of FIG. 30, where the chest starts being stuck out 
forward while the arms are further being raised- FIG- 32 shows a 
state following the state of FIG. 31 # where the chest is further 
stuck out forward immediately before the play character MA 
reaches the goal, FIG- 33 shows a fctata following the state of 
fig. 32* where the goal is reached with the chest stuck out, and 
both amis are further r&is&d. 

FIG* 34 shows a state following the state of FIG. 33, where 
the play character ma stretches both hands sideways and raises 
slightly up after passing the goal* FIG* 35 shows a state 
following the state of FIG. 34; FIG. 36 shows a state following 
the state of FIG* 35? FIG. 37 shows a state following. the state 
of fig. 36? and fig. 38 shows a state following the state of 
FIG. 37. FIG. 39 shows a state following the state of FIG 38 
and corresponding to the final frame of the goal finishing 
action. In FIGS. 37 to 39, the play character M shows a victory 
pose by raising his hands up. 

Image data for displaying images showing the starting 
action shown in FIG* 3 and the running action shown in FXGS, 4 
through 20 {looped running animation) and the goal finishing 
action shown in FIGS, 21 through 39 are stored in the recording 



16 



i ' ??52US 

medium 122* 

FIG* 40 is a block diagram snowing function realizing means 
o£ the CPU 201 when the lOpM dash game is executed, the 
recording medium 122, the RAM 123, the television monitor 143 
and the controller 183 (start button 183&, A-button 183b, CI- 
button I93h and C2 -button lS3i)* Here, the interface circuits 
and buses are not shown in order to facilitate the description. 

Specifically, the GPU 20 1 is provided with the respective 
function realizing means as a start button operation detecting 
unit 201a 1 an A-button operation detecting unit 201b, a CI- 
button operation detecting unit 201c j a C2-button operation 
detecting unit 201d, a character display control unit 201e, a 
runner column display unit 201f / a running power display unit 
201g and a switch control unit 20ih- The switch control unit 
201h is provided with respective function realizing means as a 
character speed detecting unit 2011, a Aa calculating unit 201 j f 
a Av calculating unit 201k* an animation display timing setting 
unit 201m, a transport data 1 setting unit 201n, aii arrival 
detecting unit 201p, an end animation detecting unit 20 Ig, an 
animation display timing subtracting unit 201r and an animation 
switching unit 201s. 

The start button detecting unit 201a discriminates whether 
the start button 183a has been turned on or off in accordance 
with an operation signal from the start button l$3a. A 
specified game is selected when the start button l&3a is turned 
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on. The A-button operation detecting unit 201b discriminates 
whether the A- button 183b has been turned on or off in 
accordance with an operation signal from the A-button 183b. The 
start of the game is enabled when the A-button 163b is turned 
on. 

The Cl -button operation detecting unit 201c discriminates 
whether the Ci-button I83h . has besn turned on or off in 
accordance witli an operation signal from the Cl-button lfi3h* 
The C2- button operation detecting unit 20 Id discriminates 
whether the C2 -button 183i has been turned on or off in 
accordance with an operation sign&l from the C2-button 1531, In 
other words, every time the : Ci -button 183h and the C2-button 
1831 are alternately and continuously turned on/off, the running 
power changes according to an operation amount per unit time- 

The character display control unit 20 le controls the 
display of the play character HA as the game is proceeded, and 
reads game screens corresponding^ to the r game content from the 
RAM 123 and outputs them to the television monitor 143, The 
character display control unit 2Qie is also provided with 
functions of generating new image flata for interpolating 
successive frames using image data (used to display images shown 
in figs. 4 through 20) prepared beforehand and constituting the 
looped running animation l£ necessary, and displaying the images 
based on the generated image data. 

The runner column display ' unit 201£ displays contents 
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corresponding to the play character in the runner column KS. 
The power display unit 20 lg displays the running power generated 
according to the operated amount s t of the CI -button. 163h and the 
C2 -button 1831 every time these buttons are alternately end 
continuously turned on and off by .coloring the power display 
column PD in chromatic colors* 

The switch control unit 20 Ih switches a first image data 
group {looped running animation) 1 to 4 a second image data group 
(goal finishing animation) suc& .that the running action (first 
action) and the goal finishing action (second action) are 
successively displayed without any discontinuity li.e, the 
running action is smoothly transitioned to the goal finishing 
action) when the play character MA reaches a specified position 
set beforehand. Specifically/ if. the play character ma is a 
first runner when arriving the predetermined position before the 
goal (e.g. 2m before the goal), he %f displayed to start talcing 
a victory pose by raising both .hands* m this case* the switch 
control unit 20 ih executes such a switch control that the 
motions of the legs and arms of the play character MA are 
continuous when the running action is transitioned to the goal 
finishing action. The goal finishing action for the play 
characters MA. other than the first runner stops when they pass 
the goal. 

The character speed detecting unit 201i discriminates the 
running speed of the play character ma in accordance with the 
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number of signals outputted from the controller 183 since the 
running speed changes according to the operated amount of the 
controller 183 by the game player (the less operated amount, the 
slower , wiiereas the more operated amount, the faster). 

The Aa calculating unit 201j calculates a change amount of 
animation "Aa" defined as now much an animation data of the 
motion along the time axis o£ the play character MA (animated 
model) advances within a predetermined period (1/60 sec.)* m 
other words, the delta animation *Aa* can be defined as an 
amount of change of animations from a previous animation frame 
at a certain time (t) to an animation to be shown at a given 
time incremented with a predetermined time <t + At)* Where "At* 
can be any given set time period such as 1/60 seconds but not 
limited thereto- Specifically, the running speed (moving speed) 
of the play character MA changes according to the operated 
amount of the controller 183 by the game player. However, if a 
plurality of frames of image data prepared at first for 
displaying the running action are used as they are, no smooth 
motion corresponding to a change of the running speed cannot he 
displayed* Thus* the delta animation Aa is used to generate new 
image data by interpolation based on tne image data (image data 
used for displaying the images of PIGS. 4 through 20} prepared 
beforehand- This delta animation Aa is calculated by 
multiplying the level of the running power given according to 
the operated amount of the controller 183 by a predetermined 
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coefficient (this coefficient i£ set when the game' is designed). 

The running action of the play character ma is executed at 
a basic speed set in advance even if' tike operated amount of the 
controller 183 is zero* On the d£her hand, when <the controller 
183 is operated, a running $pt$ed corresponding to the operated 
amount is added to the basic speed and the running action of the 
play character HA is executed at the resulting speed. Although 
all the frames set at first fire used in the looped running 
animation in the case that the running action of the play 
character MA is executed, at the, b&sic speed, the number of 
frames constructing the looped running animation is reduced as 
the running speed is accelerated. 

The Av calculating unit 201k calculates a moved amount 
(transport data) Av of the play character HA within the time 
period corresponding to the time period during which the change 
of delta animation Aa takes place* This Av is calculated as 
follows. A coefficient Aav, of Av ' corresponding to the game 
content is set in view of Aa when the game is designed, and Av 
is calculated by Av = Aa x Aav based on the newly calculated Aa- 
The coefficient Aav is set as follows . 

Now, it is assumed that A denotes the last animation 
display timing of the looped running animation, L denotes a 
distance over which the looped running animation is repeated 
(i.e. a distance from a reference position which is a position 
where ttie first frame of the looped shunning animation is 
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displayed to the predetermined position before the goal) , and n 
(integer) denotes the number of times the looped running 
animation is repeated over the distance L, a distance 1 (i*e. 
unit moved distance} the play - ciiar*Lcter ma rmis by executing 
(reproducing) the looped running animation once is 1 - L/n. 

This distance 1 is obtained by multiplying A by a certain 
coefficient , which is set at Aav. v In other words; since 1 - A x 
Aav, the coefficient Aav is calculated by Aav - 1/A « (L/n)/A, 

It should be noted that the distance 1 {unit moved 
distance) is set at a constant value regardless of the running 
speed of the play character and the distance between the 

reference position and the predetermined position ( e , g , 2m 
before the goal) is set at a 'multiple of " the distance i (unit 
moved distance). 

The animation display timing setting unit 201rri adds Aa 
calculated by the Aa calculating Tunit 201j to the initially set 
animation display timing, and saves the thus obtained value in 
the RAM 123 as a new animation display timing. Specifically, i£ 
the initially set animation display timing is, for example, "15" 
and the newly calculated Aa is "0.3", "15.3" is used as the new 
animation display timing. in this way, an image data is 
generated to. for example 9 display a new image corresponding to 
the (15.3)** frame between the image data representing the 15 th 
frame and the image data representing the 16 th frame baaad on 
these image data. 
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This Image data can be obtained by, for example, storing 
apex coordinate data, angle data and like data of a plurality of 
polygons whose movements are linked with the movements of the 
respective skeletons forming the? play character ;MA (animation) 
in a table in correspondence with the respective skeletons and 
calculating the positions and orientations of the polygons in 
the 1 space coordinate systems as the space coordinate systems and 
amounts of rotation of the respective skeletons are determined* 

The transport data setting unit 20 in adds the newly 
calculated Av to the transport data when Av is calculated by the 
Av calculating unit 201k, and saves the thus obtained value in 
tue ram 123 as a new transport data. In this way f coordinate 
data for the new image, e.g., corresponding to the (15*3)^ frame 

i 

are given- The animation display t iking setting unit 201m and 
the transport data setting unit v 201n construct an ianage data 
generating unit for generating an image data newly required by 
changing the running speed. 

The arrival detecting unit 20lp discriminates whether the 
play character MA has reached the predetermined position away 
from the starting position hy a specified distance, i.e. whether 
the play character HA has reached a position immediately before 
the goal of the 100M dash (e.g. 2 m before the goal) where he 
starts taking a victory pose- This discrimination is made to 
determine a timing at which the image data group {looped running 
animation) displaying the running action is switched to the 
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image data group (goal finishing animation) displaying the goal 
finishing action* 

The end animation detecting unit 20lq discriminates whether 
the presently displayed image is an animation display timing 
corresponding to the image at the end of the looped running 
animation. In other words, it * is discriminated whether the 
image of the play character MA presently displayed is the last 
image of the image data group (pooped running animation) 
displaying the running action- 

The animation display timing subtracting unit 201r 
subtracts the animation display timing corresponding to the last 
image from the present animation display timing in a series of 
images (looped running animation) displaying the running action. 
Specifically, in the case that the animation display timing 
(present animation display timing) of the image presently 
displayed exceeds the animation display timing (last animation 
display timing) of the last image in the looped running 
animation (i.e, in the case that the last image becomes, for 
example, (I7*3) tn frame by changing the running speed of the play 
character ma when the last one of the initially set images is. 
for example, the 17 th frame) , an animation display timing for an 
image to be displayed next is calculated (i.e. 0-3 obtained by 
subtracting 17 from 17.3 is an, animation time for the image to 
be displayed next ) - 

in order to clarify and sum up the aforementioned 
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terminology, Figs. 45A, 45B, ( and 45C are prepared* As 
previously defined, the terms used to describe the movement of 
the playing character MA according to the embodiments of the 
present application, but not limited thereto, are as follows; 

*at(l) w through *at(n)*: animation displaying timings 
corresponding to each frame carrying an image of play character 
MA? 

delta animation *Aa*s an amount of change of animations 
from a previous animation frame at a certain time (t) to an 
animation to be shown at a given time incremented with a 
predetermined time (t + At). 

"At"; any given set time period such as 1/60 seconds but 
not limited thereto; 

1 *Av"s a moved amount (tra^ispor-t data) Av 6£ the play 
character MA within the tinie period cCrresponding to the time 
period during which the change of delta animation Aa takes 
place - 

fig. 45A is an explanatory^ diagram illustrating a series of 
change of frames along a time line when the operation controller 
193 is not operated. as can be seen, each of all the frames 
*fl w through "fn - is sequentially displayed at a time interval 
-4t. Noted with *dl w through "dn* axe respective positions of 
the play character MA in each of the frames, "fil* through "fn", 
along a distance line (d) * It should be noted that the moved 
amount of the play character MA in a single running loop, i.e.. 



25 



P752US 



an amount corresponding to "to -t $1 " is set at a constant value* 

Fig* 45B is also an explanatory diagram illustrating a 
single segment of the change of tfucqeedinsT framed along a time 
line <t) when the operation controller 183 is operated. The 15 th 
frame "£15" is displayed at a time *t w j however, 16 th frame 
*fl6* is no longer displayed at time "t + dt' because of the 
operation of the operation controller 183* Instead, 15.3th 
frame needs to bis displayed at timft 1 *t + This small 

change. * 15. 3th frame* - *15* a frame*! is Called delta animation 
^a. 

Fig. 45C is also an explanatory diagram illustrating a 
tm>v$d amount (transport data} Ay of the play character ma within 
the time period corresponding to the time period during which 
the change of delta animation Aa takes place. As can be seen in 
the Fig. 45C, a small change between dl5 position and dl5-3 
position along a line (distance) d corresponds to Av of the play 
character MA, 

The animation switching unit 20 is switches the image data 
group (looped running animation) for displaying the images 
representing the running action to the image data group (goal 
finishing animation) for displaying the images representing the 
goal finishing action. 

Next, the operation of the video game system 10 is 
described with reference to a flow chart shown in FIG* 41 and 
game screens shown in FIGS . 43 to 44, Here, it is assumes that 
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a single-player game is executed* Accordingly, running of the 
player character MA on the first course at the innermost side o£ 
the track TR is controlled by the game player, but running of 
the remaining five play characters MA is controlled by the 
preset data. 

First, when the 100M dash game is selected by turning the 
start button 183a on, a demonstration screen is displayed (Step 
ST1), The A-button operation detecting unit 201b then 
discriminates whether the A- button 183b has been turned on (Step 
ST3) * The game is started (Step i£ the discrimination 

result in Step ST3 is affirmative, and six play characters MA 
get ready at the starting line to initiate the starting aotion. 
At this time, "SET" is displayed in the middle of the game 
screen. Thereafter , "SB'S* disappears and "<SO ff is displayed 
instead, thereby entering a state where the operation signals 
from the Cl-button I83h and the C2~button 1831 can be received- 
This routine waits on standby until the A-button 183b is turned 
on if the discrimination in Step ST3 is negative. It should be 
noted that the game may be started by turning the start button 
183a on again. 

Subsequently, the Cl-button and C2-button operation 
discrimination unit 20ld, 201e discriminate whether the Cl- 
button 183h and the C2 -button 1831 are being continuously bit 
(Step ST7). If the discrimination in Step ST7 is affirmative, 
the respective play characters MA dash off from the starting 
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line to start running at once. Specifically , a continuos 
animation (not shown) from the 1 smarting animation displaying a 
series of motions at the time of the start to the looped running 
animation displaying a series of running motions is displayed 
(Step i The running power < is generated by continuously 

hitting the Cl-button 183h and the C2-button 133i, and the 
generated running power is displayed in the power display column 
pp by the running power display uh£t 201g. ' 

Subsequently, the looped running animation, i.e. a series 
of images shown in FIGS • 4 through 20 are successively 
displayed, for example, every l/SQ sec, by the character display 
control unit 20le (Step STll) and simultaneously the delta 
animation Aa and the transport data ,Av are calculated by the Aa 
calculating unit 201j and the Av calculating unit 201h and saved 
in the RAM 123 by the animation display timing setting unit 201m 
and the transport data setting iihit 201n. respectively (Step 
ST13), Specifically- the images of the looped running animation 
are successively displayed. e*g* every 1/60 seo* by calculating 
the delta animation Aa and the transport data Av, saving them in 
the RAM 123 every time one frame of image is displayed (e.g. 
every l/6o sec.)* determining an animation display timing for an 
image to be displayed next based on the calculated delta 
animation Aa and the transport data Av, and giving coordinate 
values to the image corresponding to the determined animation 
display timing* A series o£ images shown in FIGS. 4 through Z0 
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and the images (images interpolating the successive frames of 
the images shown in FIGS: 4 through 20) based on the image data 
newly generated by changing the running speed of the play 
character MA are successively displayed, and this series of 
images (looped running animation) Are repeatedly displayed until 
the play character MA reaches the predetermined position (e*g< 
2m before the goal). The gam£ screen of FIG. 2 is displayed 
based on the looped running animation* 

Subsequently, the arrival detecting unit 201p discriminates 
whether the play character MA lias , reached the predetermined 
position immediately before the goal (Step ST15>* 3?he end 
animation detecting unit 20 Iq discriminates whether the 
animation display timing corresponding to the last image has 
been exceeded (Step ST17) if the discrimination result in Step 
ST15 is negative . If the discrimination result in Step ST17 is 
affirmative, the animation display timing subtracting unit 201r 
subtracts the last animation display timing corresponding to the 
last image from the present animation display timing 
corresponding to the presently displayed image (Step ST19). in 
this way, an animation display timing for an image to be 
displayed next is obtained . 

Tnis routine then returns to Step STii to repeat the 
subsequent operations. By repeating the operations from Steps 
STii to ST19, when the play character MA having started running 
from the starting position reaches the predetermined position 
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(e.g. 2 m before the goal), the* fast image corresponding to the 
last animation display timing or an image corresponding to an 
animation display timing approximate to the last animation 
display timing (i.e. an image nawly generated between the first 
image and the succeeding image) is constantly set even if the 
running speed is changed through 1 operation of the controller 1S3 
by the game player, Thus, the action can be smoothly switched 
from the looped running animation to the goal finishing 
animation without any discontinuity. , 

When the discrimination result in Step ST17 is negative, 
this routine returns to Step STll to repeat the subsequent 
operations. Further, if the discrimination result in Step ST15 
is affirmative. the end animation detecting unit 201c. 
discriminates whether the last animation display timing has been 
exceeded (Step ST21). If the discrimination result in Step ST21 
is affirmative, the animation switching unit 20 Is switches the 
looped running animation to the goal finishing animation to 
display the goal finishing action; (Step ST23). PIG. 43 shows a 
state immediately after the first runner passed a goal line GL. 
and FIG. 44 snows a state where the first runner raises both 
hands to pose for victory. The motions for this victory pose 
are started at the predetermined position immediately before the 
goal as described above* 

If the discrimination result in Step ST21 is negative, the 
images of the looped running animation (a series of images shown 
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in FIGS- 4 through 20 and the images newly generated between 
successive frames) are tuen successively displayed by the 
character display control unit 201e (Step ST25) and 
simultaneously the delta animation Aa ' and the transport data Av 
are calculated by the Aa calculating unit 2013 and the Av 
calculating unit 201h as in Step (Step ST27). Then, this 

routine returns tc Step ST21 to repeat the subsequent 
operations, The operations after Step ST2S in the case that the 
discrimination result in Step ST21 is negative are mainly 
executed to correct calculation errors in Step S1?13 and other 
steps . 

As described above, according to this embodiment , the first 
image data group (looped running animation) comprised of a 
plurality o£ frames of image data for displaying the running 
action as the first action and the second image data group (goal 
finishing animation) comprised of a plurality of frames of iittage 
data for displaying the goal finishing action as the second 
action are prepared, and the first i&age data group is so 
switched to the second image data group that the goal finishing 
action smoothly successively follows the running action without 
any discontinuity wiien the player character reaches the 
predetermined position by repeatedly displaying the first 
action. Accordingly, the play character can be moved by a 
desired distance by the running action as the first action only 
by repeatedly displaying the first image data group (looped 
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running animation), and images displayed on the game screen 
cause the game player to have no feeling of incongruity since 
the running action and the goal finishing action are ! smoothly 
successively displayed ; to switch: . without any discontinuity. 
Thus, a memory capacity can toe saved, and a time required for 
the development of a program can also be saved/ thereby 
effectively suppressing an increase in production costs. 

The present invention is not iimitea to the foregoing 
embodiment, and may take various ^sediments " as described below. 

(1) In the foregoing embodiment, the running distance 
(basic moved distance) of the pl&y character MA 'by one 
reproduction of the looped running animation is set at a 
constant value even if the runhing speed (moving speed) of the 
play character MA is changed according to the' operated amount of 
the controller 183 by the game player • However, according to 
the present invention, the running distance (basic moved 
distance) of the play character HA per looped running animation 
may be changed as the running speed (moving speed) of the play 
character ma is changed « 

(2) Although the distance from the reference position to 
the predetermined position is set at a multiple of the unit 
moved distance by the first action (i.e. moved distance by one 
reproduction of the looped running animation) in the foregoing 
embodiment • it may be not necessarily set at a multiple, but may 
be arbitrarily set according to the present invention* In such 
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a case, when the play character ,MA reaches the < predetermined 
position, the image data of a specified frame of the first image 
data group other * than the last frame or a frame near : the last 
frame may, for example, fee switched' to the image data of the 
frame of the second Image data group relating to the image data 
of the specified' frame of the fiirsi image data group* 

{3) In the foregoing embodiment t a new image data is 
generated by interpolation based on the initially set image data 
to smoothly display the running action in the case that the 
running speed of the play character MA is changed. However # 
according to the present invention, * a multitude of frames of 
image data may be initially prepared, and necessary image data 
may be suitably selected from these image data to smoothly 
display a specific action. 

(4) Although the 100M dash game is described as a field 
and track game to be executed in the foregoing embodiment, the 
present invention is also applicable to various other games. 
Fox- instance, the present invention is applicable to short* 
distance running games other than the 100M dash game or long- 
distance running games such as a marathon game as field and 
track games. in other words, the present invention is 
applicable to any game in which the first action and the second 
action which successively follows the first action are prepared, 
and the images displayed on a game screen need to be such that 
the motions thereof do not cause the game player to have any 
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feeling of incongruity when the first action is switched to the 
second action, For example, jthe present invention is also 
applicable to a swimming game, in thi swimming game, a swimming 
action to a turning point corresponds to the running action of 
the 100M dash game, and a turning action which is started at a 
predetermined position immediately before the turning point 
corresponds to the goal finishing potion of the 10QM dash game* 

As described above, according to -the present invention, the 
first image data group comprised of a plurality of frames of 
image data for displaying the first action relating to the 
moving action and the second image data group comprised of a 
plurality of frames of image data ,for displaying the second 
action are prepared* and the first image data" group is so 
switched to the second image data group that the second action 
successively follows the first kction without any discontinuity 
when the player character reaches the predetermined position by 
repeatedly executing the first action* 

Accordingly, the play character can tie moved by a desired 
distance through repeated execution of the first action by 
repeatedly displaying the images based on the plurality of 
frames Of image data, and the images displayed on the game 
screen cause the game player to have no feeling of incongruity 
since tue first action relating to the moving action and the 
second action are smoothly successively displayed without any 
discontinuity. TOius, a memory capacity can be saved, and a time 
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required for the development of a program can also be saved, 
thereby effectively suppressing an increase in production costs. 

Further, according to the present invention, a specified 
frame of image data of tue first * image data group may be 
switched to a frame of image d&ta of tlie second image data 
relating the specified frame when the play character reaches the 
predetermined position* By doing so,* the game player is caused 
to have no feeling of congruliy, upon viewing the successive 
images of the first action relating to the moving action and the 
second action which are displayed on the game screen. 

Further, according to the present invention, the specified 
frame may be the last frame of the first image data group or a 
frame relating to the last frame* 1 and the frame of the second 
image data group relating to the specified frame may be the 
first frame thereof. This securely prevents a feeling of 
incongruity from being caused when the game player views the 
successive images of the first action relating to the moving 
action and the second action, 

Further, according to the present invention , the first 
image data group may include image data generated between 
successive frames using tne image data prepared beforehand. 
Then, minimally necessary image data can be set for displaying 
the first action, which enables a further reduction of the 
memory capacity* As a result, an increase in production costs 
can be effectively suppressed* 



35 



Further, according "to the! present invention, the moving 
speed of the play character by tfce first action may vary 
according to the operated amount of * the operation member, the 
unit moved amount of the play character by the first action may 
he set at a constant value regardless of the moving speed of the 
play character, and the distance of tlie predetermined position 
from the reference position may be a multiple of the unit moved 
amount , 

With this arrangement, the switching position of the first 
and second actions can be set. beforehand. This results in 
easier designing of the game and reduction of burdens on the CPU 
by reducing calculation steps* 

This application is based' on Japanese application serial 
no* 2000-15103 filed on January 24, 2600, the contents of which 
are hereby incorporated by reference. 

As this invention may be embodied in several forms without 
departing from the spirit of essential characteristics thereof, 
the present embodiment is therefore illustrative and not 
restrictive, since the scope of the invention is defined by the 
appended claims rather than by the description preceding them, 
ana all cnanges tnat fall witnin metes and bounds of the claims, 
or equivalence of such metes and bounds are therefore intended 
to embraced by the claims. 
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